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(54) SEPARATION OF WAFER 

(57)Abstract: 

PURPOSE: To promptly separate a wafer from an electrode 
without damaging the wafer by applying the electrode with a 
positive voltage at wafer adsorption, then^with a negative 
voltage, and then with a positive voltage, for canceling 
remaining electric charge. 

CONSTITUTION: Electrodes A16 and 18 of an electrostatic 
chuck are applied with a positive voltage of +1kV, and 
electrodes B12 and 14 with a negative voltage of -1kV, so that 
all of them electrostatically adsorb a silicon wafer 20. The 
electrostatic chuck having adsorbed the wafer 20 is applied with 
an RF bias voltage, so that plasma is generated on the surface 
of the wafer 20, for plasma process. Then, the voltage of 
electrodes A16 and 18 and electrodes B12 and 14 of the 
electrostatic chuck is changed to OV, and then the electrodes 

A16 and 18 are applied with a negative voltage of -1,5k\/. Further, in a few seconds, the electrodes 
B12 and 14 are applied with a positive voltage of +1 ,5kV. By this, the wafer 20 is separated from the 
electrodes without damaging the wafer 20. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dcunages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the wafer secession method of making the wafer by which 
electrostatic adsorption was carried out seceding from an electrostatic adsorber to the electrostatic adsorber of 
semiconductor fabrication machines and equipment. 
[0002] 

[Description of the Prior Art] The wafer adsorption method of having used the electrostatic adsorption power is 
used for wafer processing in a semiconductor manufacturing process in recent years. For example, when 
performing plasma tieatment, such as RJE, to a wafer front face, 2 pole type static adsorber which is one of the 
equipment to which a wafer is made to stick using an electrostatic adsorption power is used. 
[0003] 2 pole type static adsorber impresses for example, right voltage to the electrode group A of an 
electrostatic chuck which has the electrode group A which usually consists of two or more electrodes, and the 
electrode group B, impresses negative voltage to the electrode group B of another side, and makes the electrode 
groups A and B (electiostatic chuck) carry out electrostatic adsorption of the wafer. However, since residual 
charge exists in a wafer the voltage which a charge will be accumulated during plasma treatment at a wafer, 
shuts off a power supply after plasma treatment, and is impressed to the electrode groups A and B as for 0 if a 
wafer is made to stick to this 2 pole type static adsorber and plasma treatment is performed, it has the problem 
of the ability not to make it secede from a wafer promptiy from 2 pole type static adsorber. 
[0004] Since 2 pole type static adsorber has the advantage of it not being necessary to connect an electrode 
special to a wafer etc., it has become in use [ the electrostatic adsorber used for the semiconductor fabrication 
machines and equipment which perform plasma treatment ], and the various proposals for making a wafer 
secede from the former promptiy have accomplished it. There are the following things from the former as a 
method of making it seceding from the wafer which stuck to this 2 pole type static adsorber. 

(1) The wafer secession method of preparing an ejection pin (cylindrical projection) in an electrostatic adsorber, 
making an adsorption side projecting this ejection pin, pushing a wafer side in the case of wafer secession, and 
making it seceding from a wafer mechanically (IP,02-159744,A). 

(2) The wafer secession method from which a high pressure gas is made to blow off to the wafer side of the 
adsorption side of an electrostatic adsorber, pressurize a wafer, and it is made to secede compulsorily (JP,02- 
245256,A). 

(3) The wafer secession method of making the voltage which made the time of adsorption, and positive/negative 
reverse impressing to the electrode groups A and B of an electrostatic adsorber, extinguishing the residual 
charge on a wafer, and making it seceding from a wafer (JP,59-067629,A). 

(4) Police box voltage was impressed to the electrostatic chuck, residual charge was decreased, and the wafer 
secession method (JP,01-1 12745,A) of seceding from a wafer etc. was used. 

[0005] 

[Problem(s) to be Solved by the Invention] However, making it break away promptiy, ** it does not damage a 
wafer, even if it uses which [ above-mentioned / conventional ] wafer secession method has produced the 
problem of being difficult. By the method of producing breakage to a wafer, making a high pressure gas 
blowing off to the wafer side of (2), and making it seceding from it compulsorily by the method of making it 
seceding from the wafer using the ejection pin of the above (1) mechanically, breakage might arise, and the 
residual-adsorption force was too strong to the wafer, and a wafer might not separate in gas pressure. 
[0006] Moreover, by the method of impressing the time of wafer adsorption of (3) and (4), and reverse voltage, 
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negating residual charge, and making it seceding from a wafer, and the method of impressing police box voltage 
to an electrostatic chuck, and decreasing residual charge, it will take time, without the ability making it secede 
from a wafer promptly. For example, after plasma irradiation, even if it makes reverse voltage which was being 
impressed to the electrostatic chuck and impresses reverse voltage, time to be about [ from which a wafer 
secedes ] thing 5-10 minute will take. Furthermore by these methods, the problem that the reverse voltage 
which the expected effect does not arise at all, and may be unable to perform wafer secession well, and is 
impressed will be too strong, and an adsorption power will increase rather had arisen. 
[0007] The purpose of this invention is to offer the wafer secession method that it can be made to secede from 
semiconductor fabrication machines and equipment promptly, without damaging a wafer. 
[0008] 

[Means for Solving the Problem] In the wafer secession method that the above-mentioned purpose secedes from 
the wafer by which electrostatic adsorption was carried out to the above 1st and the 2nd electrode by having 
impressed right voltage to the 1st electrode and having impressed negative voltage to the 2nd electrode After 
impressing negative voltage to the 1st electrode of the above, right voltage is impressed to the 2nd electrode of 
the above, and it is attained by the wafer secession method characterized by making the aforementioned wafer 
secede from the above 1st and the 2nd electrode. 
[0009] 

[Function] Since according to this invention the wafer which performed plasma treatment was charged in 
negative, right voltage is impressed to the electrode which impressed negative voltage to the electrode which 
was impressing right voltage at the time of wafer adsorption, and it is made to make a wafer and inter-electrode 
commit repulsive force, and was impressing negative voltage further after that at the time of wafer adsorption 
and residual charge was negated, a wafer can secede from an electrostatic adsorber promptly. 
[0010] 

[Example] The wafer secession method by the 1st example of this invention is explained using drawing 1 or 
drawing 4 . First, the semiconductor fabrication machines and equipment used for this example are explained 
using drawing 1 . The semiconductor fabrication machines and equipment used for this example are RIE 
systems which are one of the plasma treatment equipment. 

[001 1] The electrostatic chucks 16 and 18 of the electrode group A to which voltage with the same 
semiconductor fabrication machines and equipment 2 is impressed, and the electrode group A are equipment 
which is equipped with 2 pole type static adsorber which carries out electrostatic adsorption of the wafer 20 by 
the electrostatic chucks 12 and 14 of the electrode group B to which another voltage is impressed, and performs 
plasma treatment to a wafer. The wafer adsorption maintenance side of the electrostatic chucks 12-18 is turned 
in the processing room 4. The gas supply mouth 24 which supplies Ar gas for generating Ar plasma is formed in 
the processing room 4. It connects with DC power supply 34, and positive or negative voltage is impressed by 
changing the polarity of DC power supply 34, or the electrode groups A and B of the electrostatic chucks 12-18 
have come to be able to do 0 volt and a bird clapper. A wafer 20 can be made to adsorb by impressing 
predetermined voltage to the electrostatic chucks 12-18 from DC power supply 34 now. 
[0012] The 12 to electrostatic chuck 18 upper part is the RF electrode 10. In order to carry out plasma treatment 
of the wafer 20 front face by which adsorption maintenance was carried out to the electrostatic chucks 12-18, 
after exhausting the inside of the processing room 4 by the exhaust port 26, Ar is introduced in the processing 
room 4, 13.56MHz RF power is impressed to the RF electrode 10 from the RF power supply 32, in the 
processing room 4, Ar plasma is generated and predetermined wafer processing is performed. This RF electrode 
10 can be cooled and a temperature control is performed by the thermostat 40. The RF electrode 10 and the 
processing room 4 are insulated with insulators 6 and 8. The resistivity of insulators 6 and 8 should just be 1 09 - 
1014 ohm-cm. 

[0013] Moreover, between a wafer 20 and the electrostatic chucks 12-18, the helium exhaust port 30 for 
exhausting helium gas which the helium feed hopper 28 of helium gas used as coolant gas for cooling a wafer 
20 was formed, and was introduced into cooling is formed. A pressure gage 36 is attached in the helium feed 
hopper 28, and the pressure between a wafer 20 and the electrostatic chuck 12-18 can be measured now to it. 
Moreover, the fluorescence optical fiber thermometer 38 can be attached in the RF electrode 10, and the 
temperature of a wafer 20 can be measured now. 

[0014] Using the semiconductor fabrication machines and equipment 2 explained above, the silicon wafer 20 
was made to stick to the electrostatic adsorber 2, and it exposed to plasma. Between a wafer 20 and the 
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electrostatic chucks (electrode) 12-18, helium was introduced as coolant gas and cooling with an electrode is 
improved. In order to know the reduction degree and wafer secession state of residual charge at the time of 
wafer 20 secession, the pressure of wafer 20 rear face is measured with a pressure gage 36. The wafer 20 rear- 
face pressure is held at the constant pressure of about 10 Torrs at the time of plasma irradiation. If a wafer 20 
rear-face pressure becomes low and a wafer 20 secedes from an electrostatic chuck as residual charge becomes 
weak in case the wafer 20 after plasma treatment is made to secede from the electrostatic chucks 12-18, a 
pressure will become low further. It is for the adsorption power between a wafer 20 and the electrostatic chuck 
12-18 to decrease, and for the wafer 20 to separate from the electrostatic chucks 12-18 little by little. If a wafer 
20 secedes from the electrostatic chucks 12-18 completely, a wafer 20 rear-face pressure will become equal to 
processing room 4 internal pressure. 

[0015] By the above methods, according to the timing diagram of voltage as shown in drawing 2 , voltage was 
impressed to the electrode group A of the electrostatic chucks 16 and 18, and the electrode group B of the 
electrostatic chucks 12 and 14, and it seceded from the wafer 20. That is, the right voltage of A+lkV of 
electrode groups of the electrostatic chucks 16 and 18 is impressed, the negative voltage of B-lkV of electrode 
groups of the electrostatic chucks 12 and 14 is impressed, and the electrode groups A and B are made to carry 
out electrostatic adsorption of the silicon wafer 20. Wafer 20 rear-face pressures are lOTorr(s). Impress RF bias 
voltage to the electrostatic chucks 12-18, wafer 20 front face is made to generate plasma, and plasma treatment 
is performed. 

[0016] Next, secession of a wafer 20 is started. After making voltage of the electrode group A of the 
electrostatic chucks 16 and 18, and the electrode group B of die electrostatic chucks 12 and 14 into 0 volt 
(inside a of drawing), the negative voltage of A-1.5kV of electrode groups is impressed (inside b of drawing). 
The right voltage of B+1 .5kV of electrode groups is impressed after the 10 seconds (inside c of drawing). When 
right voltage was impressed to the electrode group B in [ C ] drawing, the wafer 20 seceded from the 
electrostatic chucks 12-18 completely after about 20 seconds in from. 

[0017] Drawing 3 and drawing 4 are drawings having shown change of the charge state of the wafer 20 on the 
electrostatic chuck 12-18 of 2 pole type static adsorber. The secession method of the wafer shown in drawing 2 
using drawing 3 and drawing 4 is explained more to a detail. The electrostatic chucks 12-18 are made to carry 
out electrostatic adsorption of the wafer 20 by electrostatic chucks [ of the electrode group A to which it 
connected with DC power supply 34 (not shown in this view), and right voltage was impressed ] 16 and 18, 
electrostatic chuck [ of the electrode group B to which negative voltage was impressed ] 12, and 14 top. The 
adsorption powers Fl and F2 of the wafer 20 at this time are equal sizes ( drawing 3 (a)). 
[0018] Next, self-bias is impressed to the electrode groups A and B, and the wafer upper part is made to 
generate RF plasma by the RF power supply 10. Since a wafer 20 is charged in negative as a whole by the 
electron in the plasma generated by impression of self-bias, the electrostatic chuck 12 of the electrode group B 
to which negative voltage was impressed, and the adsorption power F2 of the wafer by the side of 14 are small 
( drawing 3 (b)). 

[0019] Next, it moves to secession of a wafer 20 ( drawing 4 (a), (b)). Voltage which was being first impressed 
to the electrode groups A and B is set to 0. Next, negative voltage is impressed to the electrostatic chucks 16 
and 18 of the electrode group A which was impressing right voltage at the time of processing of a wafer 20. 
Since the wafer 20 is charged in negative, the electrostatic chucks 16 and 18 produce repulsive force F3 to a 
wafer 20. However, to electi-ostatic chuck [ of the electi-ode group B ] 12, and 14 side, the still weak adsorption 
power F2 is working ( drawing 4 (a)). 

[0020] Next, while negative voltage had been made to impress to the electrostatic chucks 16 and 18 of the 
electrode group A If right voltage is made to impress to the electrostatic chucks 12 and 14 of the electrode 
group B, repulsive force F4 will also produce the electrode group B side to a wafer 20 by the positive charge 
which remained to tiie wafer 20. As a whole, between the electrostatic chucks 12-1 8 and a wafer 20, repulsive 
force arises and a wafer 20 secedes from the electrostatic chucks 12-18 ( drawing 4 (b)). 
[0021] Thus, especially while a wafer processes, it can be made to secede from a wafer effectively by using the 
wafer secession method by this example in tiie processing accompanied by plasma generating which is charged 
in negative. This is because the residual charge of the wafer charged in negative by plasma irradiation can be 
completely negated now, and can make a wafer secede from an electi-ostatic chuck promptly by making it 
impress right voltage to the electrode which impressed the negative voltage which is reverse voltage to the 
electiode which was impressing right voltage first at tiie time of wafer adsorption, and was impressing negative 
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voltage after that at the time of wafer adsorption now. 

[0022] The wafer secession method by the 2nd example of this invention is explained using drawing S . Since 
the semiconductor fabrication machines and equipment used for this example are the same as that of what was 
used for the 1st example shown in drawing 1 , explanation is omitted. Moreover, since it is the same as that of 
the 1st example to make secession of a wafer 20 start after making a silicon wafer 20 stick to the electrostatic 
adsorber 2 using the semiconductor fabrication machines and equipment 2 shown in drawing 1 and exposing to 
plasma, explanation is omitted. 

[0023] The wafer secession method by this example is explained based on the timing diagram of the voltage 
shown in drawing 5 . The right voltage of A+lkV of electrode groups of the electrostatic chucks 16 and 18 is 
impressed, the negative voltage of B-lkV of electrode groups of the electrostatic chucks 12 and 14 is impressed, 
and the electrode groups A and B are made to carry out electrostatic adsorption of the silicon wafer 20. Wafer 
20 rear-face pressures are lOTorr(s). Impress RF bias voltage to the electrostatic chucks 12-18, wafer 20 front 
face is made to generate plasma, and plasma treatment is performed. 

[0024] Next, secession of a wafer 20 is started. After making voltage of the electrode group A of the 
electrostatic chucks 16 and 18, and the electrode group B of the electrostatic chucks 12 and 14 into 0 volt 
(inside a of drawing), the negative voltage of A-1.5kV of electrode groups is impressed (inside b of drawing). 
Voltage of the electrode group A is made into 0 volt after the 15 seconds (inside c of drawing). The right 
voltage of B+1.5kV of electrode groups is impressed (inside d of drawing). If right voltage is impressed to the 
electrode group B, a wafer 20 will secede from the electrostatic chucks 12-18 completely promptly. 
[0025] Thus, while a wafer processes, it can be made to secede from a wafer effectively like the 1st example 
also in the wafer secession method by this example in the processing accompanied by plasma generating which 
is charged in negative. The wafer secession method by the 3rd example of this invention is explained using 
drawing 6 . Since it is the same as that of what was used for the 1st example which also shows the 
semiconductor fabrication machines and equipment used for this example to drawing 1 , explanation is omitted. 
Moreover, since it is the same as that of the 1st example to make secession of a wafer 20 start after making a 
silicon wafer 20 stick to the electrostatic adsorber 2 using the semiconductor fabrication machines and 
equipment 2 shown in drawing 1 and exposing to plasma, explanation is omitted. 

[0026] The wafer secession method by this example is explained based on the timing diagram of the voltage 
shown in drawing 6 . The right voltage of A+lkV of electrode groups of the electrostatic chucks 16 and 18 is 
impressed, the negative voltage of B-lkV of electrode groups of the electrostatic chucks 12 and 14 is impressed, 
and the electrode groups A and B are made to carry out electrostatic adsorption of the silicon wafer 20 . Wafer 
20 rear-face pressures are lOTorr(s). Impress RF bias voltage to the electrostatic chucks 12-18, wafer 20 front 
face is made to generate plasma, and plasma treatment is performed. 

[0027] Next, secession of a wafer 20 is started. After making voltage of the electrode group A of the 
electrostatic chucks 16 and 18, and the electrode group B of the electrostatic chucks 12 and 14 into 0 volt 
(inside a of drawing), the negative voltage of A-1.5kV of electrode groups is impressed (inside b of drawing). 
The right voltage of B+1 .5kV of electrode groups is impressed after the 5 seconds (inside d of drawing). 
Voltage of the electrode group A is made into 0 volt after [ of a fiarther ] 5 seconds (inside c of drawing). Then, 
if voltage of the electrode group B is also made into 0 volt (inside e of drawing), a wafer 20 will secede from 
the electrostatic chucks 12-18 completely promptly. 

[0028] While a wafer processes, it can be made to secede from a wafer effectively like the 1st example also in 
the wafer secession method by this example in the processing accompanied by plasma generating which is 
charged in negative. The wafer secession method by the 4th example of this invention is explained using 
drawing 7 . Since it is the same as that of what was used for the 1st example which also shows the 
semiconductor fabrication machines and equipment used for this example to drawing 1 , explanation is omitted. 
Moreover, since it is the same as that of the 1 st example to make secession of a wafer 20 start after making a 
silicon wafer 20 stick to the electrostatic adsorber 2 using the semiconductor fabrication machines and 
equipment 2 shown in drawing 1 and exposing to plasma, explanation is omitted. 

[0029] The wafer secession method by this example is explained based on the timing diagram of the voltage 
shown in drawing 7 . The right voltage of A+lkV of electrode groups of the electrostatic chucks 16 and 1 8 is 
impressed, the negative voltage of B-lkV of electrode groups of the electrostatic chucks 12 and 14 is impressed, 
and the electrode groups A and B are made to carry out electrostatic adsorption of the silicon wafer 20. Wafer 
20 rear-face pressures are 10Torr(s). Impress RF bias voltage to the electrostatic chucks 12-18, wafer 20 front 
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face is made to generate plasma, and plasma treatment is performed. 

[0030] Next, secession of a wafer 20 is started. After making voltage of the electrode group A of the 
electrostatic chucks 16 and 18, and the electrode group B of the electrostatic chucks 12 and 14 into Ov (inside a 
of drawing), and impressing the negative voltage of A-1.5kV of electrode groups for 5 seconds (b-c in drawing), 
voltage of the electrode group A is made into Ov (inside c of drawing). After impressing the right voltage of 
B+1.5kV of electrode groups for 5 seconds after the 3 seconds (d-e in drawing), if voltage of the electrode 
group B is also made into Ov (inside e of drawing), a wafer 20 will secede from the electrostatic chucks 12-18 
completely promptly. 

[003 1 ] While a wafer processes, it can be made to secede from a wafer effectively Uke the 1 st example also in 
the wafer secession method by this example in the processing accompanied by plasma generating which is 
charged in negative. Not only the above-mentioned example but various deformation is possible for this 
invention. For example, although impression of the voltage of an electrostatic chuck is devised and it enabled it 
to perform wafer secession promptly, you may make it make it secede from a wafer more promptly in the 
above-mentioned example by making a high pressure gas blow off to a wafer side, or applying the mechanical 
force to it using an ejection pin etc. still more auxiliary. 

[0032] Moreover, although this invention was applied about the case where the wafer was exposed to plasma 
and charged in negative, even when a wafer is just charged, of course, it is possible in the above-mentioned 
example, to apply this invention. 
[0033] 

[Effect of the Invention] According to this invention the above passage, in case a wafer is made to secede from 
an electrostatic chuck after plasma treatment in a semiconductor manufacturing process, it can be made to be 
able to break away promptly, without doing damage to a wafer, and can contribute also to improvement in the 
throughput of a semiconductor manufacturing process. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the wafer secession method of seceding from the wafer by which electrostatic adsorption was 
carried out to the above 1st and the 2nd electrode by having impressed right voltage to the 1st electrode and 
having impressed negative voltage to the 2nd electrode The wafer secession method characterized by 
impressing right voltage to the 2nd electrode of the above after impressing negative voltage to the 1st electrode 
of the above, and making the aforementioned wafer secede from the above 1st and the 2nd electrode. 
[Claim 2] The wafer secession mediod which makes Ov voltage of the 1st electrode of the account of back to 
front which impressed negative voltage to the 1st electrode of the above in the wafer secession method 
according to claim 1, and is characterized by impressing right voltage to the 2nd electrode of the above, and 
making the aforementioned wafer secede from the above 1st and the 2nd electrode. 
[Claim 3] In the wafer secession method according to claim 1, after impressing negative voltage to the 1st 
electrode of the above, right voltage is impressed to the 2nd electrode of the above. The wafer secession method 
characterized by setting voltage of the 2nd electrode of the above to OV, and making the aforementioned wafer 
secede from the above 1st and the 2nd electrode simultaneous in the voltage of the above 1st and the 2nd 
electrode after setting voltage of the 1st electrode of the above to OV. 

[Claim 4] The wafer secession method characterized by making into Ov voltage of the 1st electrode of the 
account of back to front which impressed negative voltage to the 1st electrode of the above in the wafer 
secession method according to claim 1, making into Ov voltage of the 2nd electrode of the account of back to 
front which impressed right voltage to the 2nd electrode of the above, and making the aforementioned wafer 
secede from the above 1st and the 2nd electrode. 
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DRAWINGS 
[Drawing 1] 
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(54) SEPARATION OF WAFER 

(57)Abstract: 

PURPOSE: To promptly separate a wafer from an electrode 
without damaging the wafer by applying the electrode with a 
positive voltage at wafer adsorption, then with a negative 
voltage, and then with a positive voltage, for canceling remaining 
electric charge. 

CONSTITUTION: Electrodes A16 and 18 of an electrostatic 
chuck are applied with a positive voltage of +1kV, and electrodes 
B12 and 14 with a negative voltage of -IkV, so that all of them 
electrostatically adsorb a silicon wafer 20. The electrostatic 
chuck having adsorbed the wafer 20 is applied with an RF bias 
voltage, so that plasma is generated on the surface of the wafer 
20, for plasma process. Then, the voltage of electrodes A16 and 
18 and electrodes B12 and 14 of the electrostatic chuck is 
changed to OV, and then the electrodes A16 and 18 are applied 
with a negative voltage of -1,5kV. Further, in a few seconds, the 
electrodes B12 and 14 are applied with a positive voltage of 
+1,5kV. By this, the wafer 20 is separated from the electrodes 
without damaging the wafer 20. 
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■5o ^^:i::':'x->'N«B5M^M§&-rSo ^m^-^-^i^ro^ 
tlPA, «ltSPBO®ffi<&0it^JH-(cLTA^b (El* 
a) . litSS¥A(C-l. 5 k VCDMmffi^EnJp-rs (El 
't'b) „ ^ro 1 Ofi>?tlxmtiPB(I+ 1 . SkVcOjEII 
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mmm(Dm.m] 

T. 

1 0mm\znms.^muLrzmmm^ i ©rnnw 
mi^2<^mm\ziEms.i^mLr. mmoji-^s^wi 

immms] immimmco'yx.-^mmyjm^zioi^ 
mUBH 1 (DmmizM.mEE^mmLrt^ibmim2(Dmm 

m\z. Xitni]W,m 1 om)l®i|ffi*0 VCiLfcf^tcifjlB 
^2 romHomffiS: 0 VlCbTfJlB-^x-yN^rHiIIBII 1 

T. 

Buta^ 1 0mm\zMmi£^wmLrzm:mimm i 

tfliS^ 2 romiSICiE«iES:EPi!3Pbtt^BillB^ 2 <75miS<7) 

O^^JH-lCLTmlta'i'x-A^HfllBli l&at^2 30 
e KM ^ -a- -5 C ch ^#14 i: -r -5 X -/NBSBffi;^ 

[0 0 0 1 ] 
[0 0 0 2] 

ViH^iDt^Wi] 5fi¥(75¥^gf^SiiISH*3^t'5•i'x-/^ 
j!!lffil'ttfi^m®^;'j*?ilfflL>t'j7x-/MK3f:^ft7i^ffl^i 40 
•E-nxl^-S. ^J^tiR I E^C0^7X*-7J!lSS:9x-/N 

[0 0 0 3] 2fS5^s^°^®:^gffiti. m-^m^'^m.mA'^ 
mmA{z\t&\^iimmi£^^)saL, m:fj commm B\z{t 

SttSKSff^^SlC'j7x-yN<&S5^95-&Ty^X'-y'5!nsS:ff 50 
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O i: X-v-aaS't' II -t? x-/MCfH^75^^® ^ tlT L S 

f -SmffiS 0 IC L T t. 9 x-/MC£g§?mi^*<(?ffit-* 
J?). '5x-ASr2jSjCfi1ita®^^il*^'^j^^A^lca8Htt^ 

[0 0 0 4] 2m^ii^mmm&m\t. 9x-/mc#sijaj 

t L TtJe^fe*^ e. t^T ct ^) /j: CD * S o 

(1) ^miR^s®i''ri'*xi7 he> (i^ttws^eiiD) 
^istt. o:!L-j\mucomizz.(D-fiyx.c^ b\d>^fis.m 
miiz^m^axo x.-j\mm^nL. j®«wic'j7x-/N 

*!3Sia$1±-5'i'x-/NKBK:^te (1#ll¥0 2 - 1 5 9 7 
4 4-^^fg) . 

(2) Stm®«gM®®:^i5i»'::7x-AaS(i^Jx.tfig 
ffi:y7.^iSai^-ttT>>x-/N&finmL. SSfflWtcSfMS 
-a:-g)'5x-AgSK;^S (4$ll¥0 2 - 2 4 5 2 5 6 ^ii 

mzLrzm.EE^foiia^'tiX'y 3:--/\±o:>m^m.m^mm 

59-06762 9^^^) „ 

(4) ^m^ry'^iz^^m&'^wmLxnmmm=^M 

^>$-&. ':7x-A$KflaT-5)-^x-ABtB5i:5S; 

0 1 - 1 1 2 7 4 5^i:j^) «?*^ffll/ie.nTt/i;^Co 
[0 0 0 5] 

^)P«iii&<fei;Ti'^-5. ±12 (1) co-( i^x.i7 hify^m 
tifc'i'x-y\2:IS«Wi'iiffii*-a--5^rffiT-ti. -i^x-zn 

(CfigtS$*i;TLS^::<i:/0^»i9. (2) C00x.-/\M 
fc. ■i7x-/Ml®Ji7!)^^fei;TbSofcO. *7t?5S®^ 

tJA^t^■^r^x■^ ^liX'it'y jL-/\AmA^nuA^-Drzio-r 
^z.t-fy^$>-orzo 

[0 0 0 6] Sfc, (3). (4) (TJ-^^x-yNKSBfi: 

mmj£^ffimLxfmmmint>mi'0 x.-j\^nm-^ 
■a^yjUx'p, ^m^\' yi^iz^^mm'S:WtuLxm^m 
^^m'p^'i±xt'^<y5mx-\t, m^PA^izo^L-^^^mu 

-f^x-^mmm. ^m^^ y i7ize;imLxi.^rzmEE^m 
izLxmm&^maLxh. ox.-j\^<mRr^(n5- 

1 0»S!t<DlfiJRJl75tA^;i-'oTLS^. ^^.t'Cnb^::^ 

^<n^u^^ctf)^$,D. ^rzwiia-r^mms.^m-r€ 

X^mtJ^^tS L^miiQLXL ^otl^oJ:.0 ummi}<± 
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[0 0 0 8] 

(Dmmiznmf£^mai^Tf}^'bm$im2commiZiEmi£ lo 

[0 0 0 9] 

[fi^ffl] ^^miz^ni,^. y^x-^saasriibfc'^x- 
ti^mf)^-&^^o\zL. ^com-^^izox.-/\i&mmiz 

^fT^?S-r<fceil::b^c<?5T. 'i7x-/MSiS-^/0MC#li®: 20 

mmm^^'bmm.-r^^iiA^-^-^^j^^izts.^. 

[0 0 10] 

[Sffi0iJ] *^H^oD^ 1 co||S£0i)lz=fcS'i7x-Ag6Btt;^ 

mizm^'^rz^^^mi^-mitmmii. -f^x-^mmmmm-'D 

[0 0 11] ^m-i^mmmm2it. m-o^m&^^mn^ 

umo^m.&A^wm-^rL^m.mmBco^m^A' y 12. so 
1 4(c<tO'>x-yN2 o^^m.mm-r^2m^i^m.^m 
mm^m^, 'yjL-/\\z-f^x-^mm^m-tmm'C'S> 

■So S^m^-^ -y^ 1 2~ 1 8 w>i7x-y\®:««}#ffi«, 
Saa^4(^Cl^l+'E)tlTt^-5<, S{ia^4l'(i0i]^tfA r 

4;i^lSt-t'=.tlTt,i-5. 1 2 ~ 1 8 cD 

milllASy:B«DCmil3 4 !C^^$n. Dcmiiss 

n. iXlitS 0 7}^;L.hi:fj;S:it;5^T€5cteilC?^CoT(.i 
■g>o DCmS3 4A>eR)T5tcom/ES:SI>°a5^-\"v5^ 1 2~ 40 

r t T' ^ -5 <fc 5 (C o T 1.^ -& o 
[0 0 12] lS!i«5^-\'-y 12-1 8±gI5(4R Fmffi 1 
OT^So 12-1 8lC®^R}t$n/c':7 

X-/N2 0^®$:/^X-7fia3S-r-5fc46. «!ia^4(^* 
S^mn 2 6 m;OSl^mLTd^b5aS^4l^lCA r 
L, RF«aHS10IC13. 5 6 MH z WiS)^!^?l:'3^R 
F^SS 2}6^bEn*nLT. mm^4p^lZA r :f^X-^=S: 

o(i?^^tii^TSo. iijaffli4 oirj;ora!g$i]'(ai7)nT*5 so 
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tl-5cfce)l'/ioTI/^-5. R Ftitll 0 tMa^4 (hfiSfe 

fi, 1 0" ~ 1 0 '-'Q • c mT-S.nti.tti. 
[0 0 13] ■:7x-/N2 0 tS^tEf-'Wi' 1 2~ 

iBcoPBiicti, Ox.—/\2 0il^Wt^tzii><Di^m:fJ:^ 
tLTfflliSHe:tfX©He«^a2 8*^l$t-tbtl. S 

/c. }^iiim\zmx^tirzHe^:x^Mm-t^rzit><DHe 

3 0 Tj^SSltbtlTI/i-So H e ttSSn 2 8 lr(4, EE 

2~l 8rBlcoiI::f;/0^ti-fflT-^SJ;'5l::/j:oTt^-5. S 
fc. RF®1S1 0 I'«^3t7^7 T-f SjSirxM 

tt^n. ■^x-/N2 oroia@^^fhai|-r-&c:i*<T#*=b 

[0 0 14] &.±m.mLtz^mi^mmmm2^m^^x. 
->ij3>r:7x-/\2 0 S:fi^«®:«Sffi2 (c^^&^-B-ry 

m) 1 2-1 SCOFaKcti. ?^2?:*fXcbLTHeAt#A$ 
tl^11<i:<»!^^*J;< bTl/i^o 2 OMf^miz 

*3 SJlSmi^ W?^'>^-&^ X -/NSflffiVJSl Sr^ -g. Ac 
«)IC':7x-/N2 oa®cD)£:'3Sr;£:f)t|-3 6 (IT tj- Silt" 
-5. ■i'x-/\2 0*®ff.:^)tt7'5'X-7ra#[HJ(ctt 1 OT 
o r rfgffiO— ^Ji:*3(c«J#StlTti*o :/7XvSna 

tg'i7x-/\2 o*ff«?--v>'^ 12-1 8 A^'E>^a^^$-a- 
^^(r^4. ^smmmm^<u^iz'i;t-z>'cojL-;\2 om 

i^'bmm.vrL^ot^ib\zi£tjm&<u^. Ox.-zs 
2 otmrn^A-yi' 12-1 8m<ommti^m'Pvx'y 

x.—;\2 Qt^'Ph-f-D^m^^ y^ \ 2-1 Sii^ibMf)^ 
tlTtKfes6T^-5o Cx-A 2 0/O^Sim5"V7 1 2 
- 1 %*^ib^^\zmn-t^L'^ 3:.-/\2 
S^4F^K:^<h«^L<7i^o 

[0 0 15] ±.m(oxou:f3^x. m2\z7B-t^oun. 

S.(Di''1K^-^-h\Z'ijl'3X^n.^^y^\&. 1 SCO 
«<lPAS:t;^ti5^V-yi7 1 2. 1 4«mtiPB(cmffi 
4mjtaL.T'i7x-A2 OOK-Sffii^fTcAc. f^ict)*., 
■Bf^V-yi'ie. 1 8 omtSS¥AlC+ 1 k VCOIEtllflES: 
epjDL. g^m^-V ■y^:' 1 2 . 1 4Wmill¥B(::- 1 k V 
«ftmiE$:EnftDLTmiSS¥A. B x U a >>^ x-A 2 
0 Si^mK^^-fr-So Cx-A2 oaSEE^fjttl OTo 
r rTSi-S. 9^fS^-V>7^:7 l 2 - 1 8I'R FA'-f 7Xm 

m^PP*pUT-i7x-/N2 o^sicx^-x-^^fg^fes-ex 

X^X-^SaSSrfT^i. 

[0 0 16] i)c('>i7x-A2 OCOE-iflffi^llte-rS. 
^•^ 1 6 . 18 «m@PA, &r>'il^tE5"-\' i7 1 
2. 1 4rom<SS¥B«mffi*0 3}^JL'M'LT75^b (El* 
a) . m<SffAlC-l. 5 k V<7)^g!ffi$En;jnrs (El 
■l^b) = 1 0#}^lcmMl¥Blc+ 1 . SkVOIEm 

Wm\^TztL'Sf}^ibm2 0#?^c-lc9x-/N2 OiaS^fB^-v 
•yi? 1 2 - 1 8;6^'i^^lCl5«KLfCo 
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[0 0 17] Ei3RyfS4 (i2 ts^sttgiK^ff-^^og^m 
i7 1 2 ~ 1 8±<7)'i'x-/N2 0 (DmmmcDmt 

4 (5jig!T-{igiiK-ti-r) izmttc^ niEnE.A<ma^ nrz 
mmmA(Dmi^A"y^ i e, i s tA.nE.y)^ma^rL 

tcmmmBOmm^A-y^ 1 2, l 4±I'J;0. ■^x- 
/^2 O^^m^-V-vi' l 2~1 8lcBfm®:^$it-5o ^1 
(Dt^<DOx.-/\ 2 QO^mt) F 1 i: F 2 tit^Ll^^i^ 
t^X'$>^ ms (a) ) „ 
[0 0 18] RFIliifll 0ICJ;0. mffiffA, B 

-7^7 1 2. 1 4m(0 0 :c-/\(Om^tlF 2 it'h^ <t£-o 
T^^-S (03 (b) ) „ 

[0 0 19] i>:tc. 'i7x-/N2 onm^iz^^ (114 
(a) , (b) ) . S-rmUPA, BlzWMLri^^fzm. 

ffiSoiiT-So i^ic. '>x-;n2 ocosaantiiiEmffiSr 
L. Mmn^Hifta-r^o ox.-/\2 oi-imiz^mLx^^ 

5^ 1 2. 1 4ffli)('(SSfc'll^^®^;fjF 2:^^fll!)<.^Tl^* 
(04 (a) ) „ 

[0 0 2 0] 'A\Z. mmmA(D^m^^'y^ 1 6. 18 

izmm&^mim-^-^irz^^x, mmmBco^m'^^'yi^ 

12, 1 4 l'iEmE^EflJt]^-t3--5 <t. <yx.-/\2 Oizn 

mhx'^^rziEm-^izj:ommMBmh'yx.-/\2 o\zm 

LXS^ijF 4:fy^'iiC. ±i^tLX^m.^^y^l2-'l 
8i'^x-/\2 Om{ZfT:tlA^±CX<y x.-/\2 0 A^^m 
f^-V-^i' 1 2-1 8 7:)^bBSaKt-^ (0 4 (b) ) . 

[0 0 2 1] ^o:>j^^\z^mmmizj^^'yx.'-/\mmy3 
ffi&fflt^scitccfco. wizo x.-/\Amm^izmz^ 

x-/'\^fKB5i$ii--g):i<i:*^-C^-5>cfc^)(c;^^-5„ Z-tUt, 

^-ro x.-/\(RmmiziEm.m^e^MLxt^^rzmmizmm. 
i£x-$>^n.m.R^wmL. ^eomizo x.-j\mmmizn. 
mEE^mmLx<^^rzmm\ziEms.^ma-r^j:o\z-r^ 

■t^^:itA<X'^^^o\ZU^. 

[0 0 2 2] :$^?^mcDm2commmzj:.^03i-/\mm. 
:^m'tm 5 ^mt^^xmrn-t^o -4^mmm\zmi^rz^^mi^ 
mmmmitm i ictht^ i co^mm\zm^^rzt>(Dtm-- 
X'$>h(Dx-m.m=S:'mst-i>. 0 i i-TrLfcij^igf* 

.^itSlffi2$fflliT>'U3>'^x-/N2 0^g?lliK^|g 
®2 IIi»S$-tiT7'^X'-7lC$ b LfcfS-. •:7x-/\2 0 
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[0 0 2 3] :^mmmizj:^ox.-/\m'^:^ii'&m5\z 
^■rm.f£<D9-i A^^-- hizm-z^t^^xmrn-t^o mm^ 

^■;/i7i6, 1 8C01HSS¥AI'+ 1 k vroiEIEE^rPnJn 
L, §^m5^-V->'i7 1 2, 1 4(7)faiSS¥Bt'- 1 k V(75A 
mffi^enSnLTmUPA. BIC>-U 3>'5x-A2 OS: 
fi^liei^^-tt-g). '^x-/N2 0^ffiffi:^3tt 1 0 T o r r 
T-^-S. ?&m^-V 1 2~ 1 8 IIR Fyx'-l-T^mESr 
10 mi}aLX'yji-J\2 ommiZZfyX-^i^^-^-i^XZfy 

[0 0 2 4] :;*(39x-/N2 o<7)KiiK^i«$^i-rso »m 

"^yyi^ie, 1 8(DmMmA, ISiUmn^f-'r y ^ 1 
2. 1 4©ejS»BcomffiS:O4^JUhfrLT;0^b (S^f 

a) . mmw-Aiz- 1 . 5 k vcDAmm^i^iJra-rs (0 
■f b) . ^(Di 5ij>wzmmmA(Dm&i OTf-jihiz-f 

-5 (^tfc) o mUPBtC+l. 5 k V(7DiEmESrl?Un 

-r-5 (04'd) o mmmBizmmEE^wiia-t^tm^A-^ 

(C-i-x— /\2 0 «9^fll^-\' i' 1 2 ~ 1 8 A-^ib^±izm 

20 Hft-r*. 

[0 0 2 5] Cc7DJ:3l'*|l|SS0iJtcJ:-5'j7x-/\^aK:^ 
ffi('i5t,^Tfc. ^ 1 (7511 SSe^ili: 151^ (C, •^x-/\;O^Sflli 
4> M tilt S i: ^) /.c 5- X V5g ^fe f# 5 5aa I' *3 H 
T*^if::'^x-/N$rgfaJl$-ti--5 CtTS^T^^ cfcC) 
■So :*:5gBJcDm3 cD^Sg0'llrJ;*':7x-;\^IK:^te*0 

fe0 1 iZTp-tm 1 coiiss^iJtcfflt^rcfccoiiiRi— T^-sro 

TSiBJ*#B§t-So 0 1 (c5^Lfc¥^f*:S!iSg@ 

2 ^fflo^Txu 3 >'^7x-/N2 0 ^^m^mmm2\zi& 

30 «$-a-T7°7Xv[::$ e> Lfef^, OjL-/\2 0(Dmfei=& 

[0 0 2 6] *SSS^Jt'J;'5":7x-AOT:*ffi^0 6(C 

V-y5'16. 1 8 (75^SPAtC+ 1 k V(7)]E^ffi*efl*a 
I,, m'mj-^y^ \ 2. 1 4®'1;SPBIC- 1 k VCOM 

msE^EPJinLTm^PA. Bf;:->U:3>'i'x-;\2 0* 
•j7x-/\2 oaffiEE:^l±l OTo r r 
Ta5-5o l 2 — 1 8 R F A'^f 7Xm/E^ 

40 EnJinLT'i7x-A2 0^ffi(C7'5X-7Sr^^fe*-liT>^5 

[0 0 2 7 ] :^\Z0:xi-J\2 0 (DmU^&mt^-t i> . sf^m 

1 6. 1 8<DmSPA, RJ/i^m-^-V-yi' 1 
2, 1 4«)mSPBC0mffi^0;J^;i/h(rLT75^b (04" 
a) . mdPAlr-l. 5 k Vc7)^m/E*EniJD-r-5 (0 
■tib) o ^CD5©}^'lcm(lPBIC+ 1 . SkVcOIEiaEE 

$eriSDT-& (0>t^ci) „ $ eic 5f^?tfcmiiPAromffi 
s:0/j^;n-ic-r-5 (04" c) „ m.^^xmmmBCDm.m.h 

0;t^;UMcT-&i: (0*e) . x-/\ 2 0 (Sif -^^Mc 
50 #fl^-V">J' 1 2~ 1 8^'i^:^|-gflitt-rs = 



[0 0 2 8] '^mmm{zj:i>'t7 x.-/\mf^yji^(ziii^x 

tST -5 J; ^) 7i ^ ^ X V <fe r# e> Sa S i i T ic c 

^4(Dmmm{zj:^03L-/\muyjm^m7 ^mt^^Tm 
Bj-r-a. -^mm&uzmi^^fz^mt^-mmmm'bm i izffk-t 
m 1 (Dmmmizmf'^rzt.cDiim-r'&^cDX'm.m^'^^ 

Ua>'^x-/N2 0 *9fti©»gg2 (iK^^-ttT:^^ 

xvicS'bLAcf^. i^x-/\2 o»sa«5iig5^j$-a--5;i 

[0 0 2 9] -^mmmiz^^ox.-/\mm.y]m^m7 [z 
^K-rflffio^''f A^-f- Sim? 

■V;/^>16. 1 8c7)®}g|¥At3+ 1 k VOIEfiffi^rEnSP 
^m^-^'-^i' 1 2. 1 4CD«HSPB(r- 1 k Vroft 
fiEE^EHjtinbTmfSPA. B!C->'J a>'j7x-/N2 0 5: 
S^^KSS-tt-So •^x-yN2 oa®CE:'3t*l OTo r r 
Tafe-So ilim^'-V -7 i' 1 2 ~ 1 8 R F/NW TXftffi* 

EPijabT'>x-/\2 o^siiy^Xv^fg^E^-a-TyT- 

[0 0 3 0] ik(Ox-y\2 0<75gSattS:IIBi!&-r-5o Bm 
2, 1 4(D®ffiPBra||JE^0/J^;H-('L/cfg (B!* 

a) . mmm- A\z - 1 . 5 kv<D^mi£^ Bm^'piinai- 

XA^ib m<Pb-c) , miSPAromffiS:0 7}^Jl/Kc-r 
-5 (E14'c) „ ^O3 0>ltlC«Hl»B('+ 1 . 5kVc75 
lEmffi* 5lJ;f1flSli(iDL-T;5^e> (045 d-e) . «SPB 
(DMRhOTf.AhiZ-t^t (H+e) . -^x— /N2 0ti 
ii^*MCSim?-V 1 2 ~ 1 8 b^^fC^flK-r-So 

[0 0 3 1 ] -^^mmmizjz^'y :iL-/\m^ysm\z:to^^^x 

t). m 1 CD^i5S0iJi:|5l^(C. Cx-A/O-s^aatf 

ffi -r <t e> 7i 7 X V % <fe * f# -5 ifl a t ' *3 1 ^ T W jei ( ' 'i' 

x.-/\t:mM^-^^:itA^X'^^^0\ZU^. *f?B^ 

$I5fe LT'i'x-A^)i5i^3i-^dMctfx.-5 J; IC Lfc 
A^'. ^ bl'1ili6<)l'>>x-/\affi(riSlE:tfX$:i«ai$-ti- 

itJ:0. iiOit-^TiMl-^x-ZN^glfltt^-tir-Sie)!' L 

[0 0 3 2] ±!eSISSfi?iJlc*jtiT(i. ■>x-/\;^i 
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7" 5- X-7 $ ^ n T M I' ?1 L Ac ig ^ ir O V i T Jfe:^ Bfi 

^mmLrzA^. 'yx.-/\A^iEiz^mLrzj^orim^x'h 
-^^mimm-t^ctith-^^/v'^mx'$>i>. 

[0 0 3 3] 

itie('*5lsT:^5X-75aM?^^(Ci5IS?r -y i7;i^b•j7x 
-/NS:g«lja$-B--5l^> OjL-^\\zm{^^^^^Z.iiU< 

10 [lI®©f!i!¥?ii5iBJ] 

[HI] *5gB3og|JE^)(cffll.'.rci)4ig<*®!igSM$rS^-r 

mx'$>^o 

[0 2] *5!Bjc7)^ 1 (D*te0i]tcJ:*'j7x->'M^8tt::^?i 

[US] -^mmmoo x.-^sm^ysmiz^^'tp a^-/\m 
Wikm(D^itt:9R-tmx'$>^o 

[04] :^||JS^]co9x-/'\B5BK;^ffiCJ;^'>x-y\tI 

[0 5] ^^Bjicr,^2(Dmmm\z^^ox.-/\mwiys^ 

20 ^TTK-rSTS)*. 

*^K-r0T$>-5= 

[07] *^Bj5co||4CD3gJS0iJ(r<j;5'>x-y\^IK::^?£ 
<&7n"r0T&-5o 

1 0---R F^H 
30 12< 1 4---9im?-V-yi7 (HSPA) 
16. 1 8"-i^m?-\'-y (1ISPB) 



2 0- 




2 4- 




2 6 • 




2 8- 




3 0- 




3 2 • 


■•R Flii® 


3 4- 


-DC mil 


3 6 • 




3 8- 




4 0- 


-mum 



(6) 



m^W-Q- 8 5 0 4 5 



m 1 ] 




1^ JjH l\ )8 i 



^26 



& B --«|M 

10-RF1|«I 

12. 14-»«**r»f 

16, 18-»«?^*t>i' 

20— ■>x-/^ 

28-»«P 

28--He«tdn 

30-Hol#«P 

32- -RFVa 

34-"DC1ta 

36-EE*lt 

40-fijHtl 



« 0 

A - 



« + 

B 



' t (s«c) 



[1213] 



+ + + •<- + + + 



20 

1 



16, 18 



M2, 14 \ 



10 



[B14] 



20 



F3 



■+-+-+-+" 



16, 18 



<a) 



ov 



12, 14 1^ 



10 



F3 



20 



+ - + - + -*-'0' 

♦ ♦ 4- -f * + ■>■ 



16, 18 



X 



12, 14 \ 



10 



(b) 



(a) 

ygx^jB^w 20 



Fi 



\ -I- ■»■"<■ + -f -t- 



■+-+-+-+■ 



16, 18' 



'•12, 14 \ 



10 



(b) 



[BIS] 



» 0 
A 



I b c 



n 

B 



+ 
0 



(c<d) 



(7) 



8 5 0 4 5 



b 





(b<d<c£e) 



(72) ^BJ^ S@JI| B^t 

J 1 1 m J 1 1 (IS TtT K ± /h ffl 4" 1 0 1 5#ffi 



